dilemma for physicians (Malvezzi, Bertuccio, Levi, Vecchia, & Negri, 2014) . The estimated heritability of CaP is 42% (95% confidence interval [29, 50] ; Lichtenstein et al., 2000) . Genome-wide association (GWA) studies have identified more than 70 singlenucleotide polymorphisms that can predict CaP risk when incorporated into polygenic risk scores (Amin Al Olama et al., 2015; Eeles et al., 2014) . Genetic susceptibility data, such as BRCA genotype, may also aid in choosing men for targeted prostate-specific antigen screening and may also help end the overtreatment of men at low risk for disease (Schröder et al., 2012) . Furthermore, genetic techniques may enable identification of men who would respond well to chemopreventive medications-for example, 5-α reductase inhibitors, nonsteroidal anti-inflammatory agents, selective estrogen receptor modulators, and statins-thus obviating the need for treating nonresponders (Schmitz-Dräger, Schöffski, Marberger, Sahin, & Schmid, 2014) .
CaP is a heterogeneous group of diseases with unique genetic and proteomic signatures (Rubin, Maher, & Chinnaiyan, 2011) . Molecular phenotyping techniques have identified at least seven molecular subtypes of CaP that vary in their risk for metastatic progression (Attard & Beltran, 2015) . Assays of androgen-receptor signaling, aurora kinase A gain, BRCA gene aberrations, ERG:TMPRSS2 fusion, PTEN and RB1 loss, and mRNA signatures are available to risk stratify patients and assess for sensitivity to chemical castration, taxanes, and PARP inhibitors Beltran et al., 2011; Boström et al., 2015; de Leeuw et al., 2015; Ferraldeschi et al., 2015; Fong et al., 2009) . A separate, non-gene-based application that exemplifies precision-medicine treatment is the autologous cellular immunotherapy sipuleucel-T, which in effect programs the immune system to target and eliminate neoplastic cells, thus extending overall survival by up to 4 months in metastatic, castrationresistant CaP (Kantoff et al., 2010) .
Benign Prostatic Hyperplasia
The attributes that qualify precision medicine for oncology also do so for treatment of benign diseases of dysregulated cell growth such as BPH (Bechis, Otsetov, Ge, & Olumi, 2014) . Like CaP, BPH may be conceptualized as a heterogeneous group of diseases with unique molecular signatures, varying growth rates, and degrees of aggressiveness (Prakash et al., 2002) . Furthermore, GWA studies have revealed associations between particular single-nucleotide polymorphisms and BPH risk and severity that could be used to stratify patients into risk groups for tailored pharmacogenomic therapy (Helfand, Hu, Loeb, McVary, & Catalona, 2013) . Advances in our understanding of prostatic smooth-muscle regulation by α(1)-adrenoreceptors (α1ARs) and androgen-signaling pathways will also make the precision-medicine treatment of BPH a reality.
The expression of α1AR subtypes varies among symptomatic BPH patients, and expression-level differences may help predict which patients will respond to subtypeselective α1AR antagonists (Kojima, Sasaki, Hayashi, Tsujimoto, & Kohri, 2009 ). For example, epigenetic silencing of 5AR2 gene expression associated with increased body mass index and age is a risk marker for disease progression and medical therapy failure (Bechis et al., 2015) . In up to 30% of men with BPH, silencing of the 5AR2 gene by DNA methylation is associated with resistance to medical therapy with finasteride (Niu et al., 2011) . In such patients, a more aggressive treatment regimen, such as transurethral resection of the prostate, to improve symptoms may be indicated. Use of these data in the evaluation of patients with new-onset BPH could be used to justify early surgical intervention in certain cases, obviating the need for years of office visits for failed medical therapies (Bechis et al., 2014) .
Male Infertility
Precision medicine promises to improve the management of male factor infertility, which accounts for 40% to 50% of cases of infertility among couples. Typically, a man with a lack of sperm in the ejaculate, azoospermia, should undergo diagnostic genetic testing to determine the desirability of surgical sperm retrieval (Hwang, Lipshultz, & Lamb, 2011) . The current guidelines suggest screening identification of Y-chromosome microdeletions and karyotyping in men with severe testicular failure. Men with Klinefelter syndrome (47,XXY) and AZFc deletions can have foci of spermatogenesis in the testis, which makes sperm retrieval and the fathering of biological children with intracytoplasmic sperm injection possible. However, men with AZFa or AZFb deletions cannot father biological children because they lack spermatogenesis within their testis (Pryor et al., 1997) . This information can help counsel men with AZFa or AZFb deletions to use donor sperm or adopt children.
Since up to 1,188 mammalian genes affect male fertility (most of which were identified in rodent studies), the aforementioned examples are but a few of precision medicine's potential uses (Lin & Matzuk, 2014; Matzuk & Lamb, 2008) . As diagnostic genetic testing becomes more widely available throughout the United States, pathologists, medical geneticists, and genetic counselors will more frequently inform couples and their physicians on whether their specific cause of infertility should be bypassed by sperm extraction and in vitro fertilization to prevent future genetic mutations in their offspring (Alukal & Lamb, 2008) . To this end, risk models will need to be developed to translate this genetic information into the risk of developing traits that exhibit complex inheritance through the interaction of multiple genes. Precision medicine will also assist in the development of sperm biomarkers that will predict which sperm could better fertilize eggs (Palermo, Neri, & Rosenwaks, 2015) .
The advantages of utilizing precision medicine to guide management of infertility are not merely academic. They will greatly benefit the reproductive health of couples as well as heighten their understanding of their infertility. Genetic diagnostics will provide specific names and causes for cases of infertility now deemed idiopathic. As our understanding of the molecular mechanisms of male factor infertility continues to improve, providers will be able to better predict the likelihood of natural pregnancy, streamline treatment selection, and predict treatment response.
Hypogonadism
Precision medicine's role in the management of hypogonadism has yet to be defined. Current diagnostic criteria for hypogonadism are imprecise, and most symptomatic men are treated with testosterone (T) gels, injectables, or implants at different serum T thresholds with mixed results (Lunenfeld et al., 2015) . T deficiency's diagnostic cut points are somewhat arbitrary relative to symptoms, and a true threshold is unlikely to exist for most patients (Bernie, Scovell, & Ramasamy, 2014) . Precision medicine may identify ideal T levels for individual patients based on metabolic markers, which can improve treatment. Depending on the interaction between T administration's dose and frequency and the patient's molecular phenotype, men may experience side effects ranging from mood swings, hypertension, and polycythemia, to more serious myocardial infarctions and strokes (Center for Drug Evaluation and Research, 2015) . Precision medicine could identify biomarkers or genetic polymorphisms that will minimize T therapy side effects and help predict which men would have adverse cardiovascular events. This approach, an example of a pharmacogenomics, would ensure that the right patient receives the right drug at the right time.
Results from GWA studies suggest that a variety of heritable genetic polymorphisms affect the synthesis, metabolism, and action of sex hormones and contribute to variations in circulating serum levels of dehydroepiandrosterone, T, and sex hormone-binding globulin (Vandenput & Ohlsson, 2014) . Genetic influences can regulate up to two thirds of the variation in serum T levels (Harris, Vernon, & Boomsma, 1998; Kuijper et al., 2007; Meikle, Stanish, Taylor, Edwards, & Bishop, 1982; Ring et al., 2005) . For example, polymorphisms in the aromatase gene CYP19A1, which encodes the enzyme that converts T to estrogen, affect free T levels (Travis et al., 2009) . Precise identification of such a polymorphism in the hypogonadal patient could prompt the clinician to prescribe an aromatase inhibitor, such as anastrozole or letrozole, rather than exogenous T therapy, to increase T levels.
Precision medicine could also include the screening of men for CAG repeats in the androgen receptor gene, which may determine which patients will benefit most from T therapy (Francomano, Greco, Lenzi, & Aversa, 2013) . A study investigating the length of these repeats in patients who developed hypogonadotropic hypogonadism after undergoing pituitary surgery reported that response to therapy was inversely correlated with the number of repeats (Tirabassi, Delli Muti, Corona, Maggi, & Balercia, 2014) . The association between CAG repeats and response to T therapy was also confirmed in a nonsurgical patient population with late-onset hypogonadism (Stanworth, Akhtar, Channer, & Jones, 2014) . This finding suggests that screening for this polymorphism prior to prescribing T could help clinicians select the appropriate dose, frequency, and type of T therapy.
Erectile Dysfunction
Precision medicine could improve the treatment of ED, one of the most common and bothersome health concerns among aging men. Researchers are investigating whether specific genetic polymorphisms can predict patient response to PDE5 inhibitors such as sildenafil (Hatzimouratidis & Hatzichristou, 2008) . Identifying such polymorphisms before therapy would allow the clinician to choose the correct type, dose, and frequency of PDE5 inhibitor or potentially an alternative therapy. PDE5 inhibitors are expensive, so such a screening program could be cost-effective. In fact, its utility has already been demonstrated in patients suffering from pulmonary hypertension (Sekine et al., 2014) . Patients who possess a polymorphism in the gene that encodes the G-protein β3 subunit will more likely benefit from sildenafil than those without the mutation.
Precision medicine may allow for genetic prediction of ED occurrence and its side effects (Lopushnyan & Chitaley, 2012) . It may not only identify genetic predictors and biomarkers for the development of ED, but also predictors of CaP treatment-related radiotherapy and radical prostatectomy associated ED for improvement of treatment decision making (Clavell-Hernandez & Wang, 2015) . In addition, precision medicine could in theory assess for predictors of priapism and other adverse side effects from common medical therapies for ED such as cyanopsia (blue vision) and lower back pain caused by sildenafil and tadalafil.
More important, precision medicine could help health practitioners decide which patients with ED need further screening for cardiovascular disease (Rodriguez, Al Dashti, & Schwarz, 2005) . This dilemma is commonly faced by urologists, who are often the only health care providers evaluating men (Hanno, 2007) . Of note, a recent cost-benefit analysis concluded that screening for coronary disease in men with ED can be cost-effective for secondary prevention (Pastuszak et al., 2015) . Furthermore, concomitant diabetes, hypertension, and increased aortic stiffness and coronary artery calcification are associated with increased coronary risk in patients suffering from ED (Vlachopoulos, Ioakeimidis, & Stefanadis, 2015) . We must determine whether there are genes that predict an association between ED and cardiovascular risk and, if so, whether they merit screening (Lee et al., 2008) . Identifying genes that link ED and cardiovascular risk may help identify the patients who would gain the most from further workup and management.
Conclusions
A precision medicine approach to men's health will be advantageous in the diagnosis of and therapy for many conditions. To expand the current therapeutic options available to clinicians, collaboration among basic scientists, clinicians, engineers, pathologists, statisticians, and patients to develop patient-specific biomarkers is critical (Collins & Varmus, 2015) . To properly implement precision medicine, we need to conduct translational research, solicit more male participation in clinical and genetics research, and enable underserved communities to access precision-medicine technologies so that all men have equitable access to them. We are optimistic that this nascent field will grow and change markedly in the years to come to the benefit of men and their families worldwide.
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